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Abstract 
In this paper, we present an integrated system to detect Ochratoxin A (OTA) in feed, food and beverage. Its characteristics of 
portability, simplicity, sensitivity, low cost and user friendly, make the system suitable to be used by unskilled personnel. The 
system is based on a commercial Thin Layer Chromatography (TLC) plate coupled with an array of amorphous silicon (a-Si:H) 
photosensors embedded in a PTFE chamber where the chromatographic analysis occurs. The characterization of the system 
demonstrates its ability to detect OTA contained in wheat, wine and beer with a minimum detectable quantity of 0.2ng and a 
standard deviation below 5%. 
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1. Introduction 
The deterioration of food commodities by biotic factors and, in particular, by fungi is a serious and widespread 
problem. Quality loss is due to spoilage as well as to the ability of different fungal species to produce mycotoxins like 
Ochratoxin A (OTA), which deserves great attention because of its high toxicity. The OTA contamination is common 
in cereals and grapes and in their products, like beer and wine. Its high toxicity and the wide diffusion led the EU to 
define strict legal limits for the tolerable presence of OTA in different food commodities [1]. 
Currently, the methods to detect OTA can be divided into two main groups: the qualitative ones that give yes/no 
answer, like ELISA assay, and the quantitative ones that are performed with chromatographic methods coupled to 
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appropriate clean-up procedure such as ImmunoAffinity Columns (IAC) [2]. Recently, some promising methods are 
based on the surface plasmon resonance (SPR) [3], on the molecularly imprinted polymers (MIPs) [4] and on the 
fluorescence polarization immunoassay (FPI) [5]. However, even if some interesting results have been obtained using 
the above approaches, their use is devoted to academic laboratory rather than in field testing. 
In this paper, we present a new detection system whose development is the main objective of the on-going European 
project “DEMOTOX” [6]. Its purpose is to engineer the laboratory prototype obtained in the European project 
“OTASENS” [7] in order to achieve a low cost, sensitive, portable and easy-to-use industrial demonstrator suitable to 
be used directly from the producers of food and feed commodities. The operating principle of the system relays on the 
natural fluorescence of the OTA molecules [8] and on the real-time monitoring of the chromatographic run by means 
of an array of amorphous silicon (a-Si:H) photosensors [9] whose photocurrents are proportional to the amount of 
mycotoxin present in the investigated samples [10]. 
2. Description of the demonstrator 
The developed industrial demonstrator (see Fig.1) is composed of a sealed PET-PTFE vertical chromatographic 
chamber where the chromatographic run occurs, an external holder for the eluent reservoir and a Personal Digital 
Assistant (PDA) that controls all functionalities of the system such as the storage and the analysis of the data. In order 
to increase the compactness of the system, the chromatographic chamber integrates the electronic boards developed to 
acquire the photosensor signals [11] and to control both the UV source and the injection of the eluent from the external 
reservoir into the tank inside the chromatographic chamber. 
The chromatographic chamber (whose schematic picture is depicted in Fig. 2) comprises: 
a) an UV LEDs source that generates a stable ultraviolet radiation light to induce the fluorescence of the 
OTA molecules;  
b) a commercially available TLC plate made of a silica gel covered glass on which the sample to analyze is 
spotted; 
c) an array of a-Si:H photosensors fabricated on a common glass substrate by using thin film technology 
processes [12]. The photosensors are n-doped/intrinsic/p-doped diodes, which generate a photocurrent 
signal proportional to the impinging light. 
 
 
             
Fig. 1: Picture of the industrial demonstrator composed of a PET-PTFE chamber, an external eluent reservoir and a PDA to control its 
functionalities (left). Picture of the electronic board to acquire the currents coming from the array of photosensors (center). Picture of the 
electronic board to control the UV source and the injection of the eluent from the external reservoir into the PTFE tank inside the chamber (right). 
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Fig. 2: Scheme of the chromatographic chamber of the system (left). Structure of the array of a-Si:H photosensors (right). 
The analysis starts with the extraction of the food sample performed by using a novel protocol based on a mixture 
of ethyl acetate and formic acid allowing a rapid, reliable and environmental friendly OTA retrieved. The food extract 
is then spotted on the TLC plate. Since the objective of the system is to determine whether the OTA level is above the 
limit allowed by European Regulations, a reference sample containing OTA standard concentrated at the law limit is 
spotted on the same TLC plate. The two parallels chromatographic runs are monitored by two couples of a-Si:H 
photosensors. Each couple of sensors comprises a smaller (10x1.2mm2) and a larger (10x2mm2) photodiode, 
positioned a couple of mm before the end of the chromatographic run and spaced 500μm each other. The sensor 
dimensions were designed to match the dimensions of the OTA chromatographic band that, during the movement 
along the TLC plate, increases its width due to diffusion phenomena. 
During the chromatographic run, the UV radiation induces the excitation of the OTA molecules and the  
re-emitted light is detected by the photosensors. When the OTA chromatographic band is aligned with the photosensor, 
a peak of the photocurrent signal occurs. The height of the peak is proportional to the amount of OTA contained in the 
investigated sample. Comparing the peak signals resulting from the two couples of photosensors it is possible to 
establish if the OTA quantity in the investigated sample is above or below the concentration level allowed by European 
Regulations. 
3. Experimental results 
The system characterization started analyzing in the same day solutions containing 1ng, 2ng and 4ng of OTA 
standard. Data obtained on five different experiments for each OTA amount, showed a standard deviation below 5%, 
that provides a very good intra-day repeatability. 
The system was then characterized analyzing samples extracted from food commodities fortified with a known 
quantity of OTA standard. In particular, we tested the ability of the system to detect OTA in beer, red wine and wheat. 
The results, reported in Fig. 3, show a peak in the photocurrents of the sensors due to the presence of OTA that is 
superimposed to a background signal due to the wetting eluent, which makes the silica gel transparent to the UV 
radiation [13]. 
 
       
Fig. 3: analyses with 2μl of sample extract of beer “Ceres” (left), red wine “Chianti” (center) and wheat (right) fortified with 4ng of OTA. 
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A quantitative characterization of the system response was performed spotting on the TLC plate 2μl of OTA 
standard, extracted red wine and beer both fortified with OTA at different concentration. The results show a minimum 
detectable quantity of 0.2ng for OTA standard and both food commodities and a very good linearity (R=0.987 for wine 
sample, R=0.991 for beer sample and R=0.999 for OTA standard) up to 4 ng. 
Taking into account a 90% of extraction efficiency and a volume of 2μl which can be spotted on the TLC plate, we 
infer that a volume of only 5.5 ml of both red wine and beer is enough to determine whether OTA level is below the 
law limit. 
4. Conclusions 
In this paper, we presented a novel industrial demonstrator for the detection of OTA in feed, food and beverage. 
The characteristics of portability, simplicity, sensitivity, low cost and user friendly, make the system suitable to be 
used directly from the producers of the agri-food sector. The operating principle of the system is the real-time 
monitoring of the chromatographic run by means of an integrated array of a-Si:H photosensors whose photocurrents 
are induced by the naturally fluorescent OTA molecules. The system is composed of a vertical chromatographic 
chamber where the chromatographic run occurs, an external holder for the eluent reservoir and a PDA to controls all 
functionalities of the system. In order to increase the compactness of the system, the chromatographic chamber 
integrates the electronic boards to acquire the photosensor signals and to control both the UV radiation source and the 
injection of the eluent inside the chamber. The system was characterized demonstrating its ability to detect OTA 
contained in wheat, wine and beer with a minimum detectable quantity of 0.2ng and a repeatability intra-day below 
the 5%. 
Acknowledgements 
The research leading to these results has received funding from the European Community's Seventh Framework 
Programme [“DEMOTOX” project] under grant agreement n° 604752. 
References 
[1] Commission Regulation (EC) No 401/2006 of 23 February 2006 
[2] Hui Meng, Zhanhui Wang, Sarah De Saeger, Ying Wang, Kai Wen, Suxia Zhang, Jianzhong Shen, Determination of Ochratoxin A in Cereals 
and Feeds by Ultra-performance Liquid Chromatography Coupled to Tandem Mass Spectrometry with Immunoaffinity Column Clean-up, 
Food Analytical Methods, 7 (2014) , Issue 4, pp 854-864 
[3] Jing Yuan, Dawei Deng, Denis R. Lauren, Marie-Isabel Aguilar, Yinqiu Wu, Surface plasmon resonance biosensor for the detection of 
ochratoxin A in cereals and beverages, Analytica Chimica Acta, 656 (2009), Issues 1-2, pp 63-71 
[4] Simon N. Zhou, Edward P. C. Lai, J. David Miller, Analysis of wheat extracts for ochratoxin A by molecularly imprinted solid-phase 
extraction and pulsed elution, Analytical and Bioanalytical Chemistry, 378 (2004), Issue 8, pp 1903-1906 
[5] V. Lippolis, M. Pascale, S. Valenzano, A. C. R. Porricelli, M. Suman, A. Visconti, Fluorescence Polarization Immunoassay for Rapid, 
Accurate and Sensitive Determination of Ochratoxin A in Wheat, Food Analytical Methods, 7 (2014), Issue 2, pp 298-307 
[6] http://www.demotox.it/ 
[7] http://www.ist-world.org/ProjectDetails.aspx?ProjectId=f86b851cf3f14f0d8f44afce1b443edc. 
[8] D. Caputo, G. de Cesare, C. Manetti, A. Nascetti, R. Scipinotti, Smart thin layer chromatography plate, Lab on a Chip, (2007). 7, 978. 
[9] D. Caputo, G. de Cesare, C. Fanelli, C. Manetti, A. Nascetti, A. Ricelli, and R. Scipinotti, Linear Photosensor Array for On-Chip Food 
Quality Control Based on Thin Layer Chromatography, Sensor Lett. 8, (2010), pp 465-469. 
[10] D. Caputo, G. de Cesare, A. Nascetti, R. Negri; Spectral tuned amorphous silicon p-i-n for DNA detection, Journal of  Non Crystalline 
Solids; (2006), 352, 2004. 
[11] A. Nascetti, G. Colonia, D. Caputo, G. de Cesare, SOPHIE: a general purpose sub picoAmps current readout electronics, poster session in 
“Secondo Convegno Nazionale Sensori”, held in Rome, 19th-21th February, 2014. 
[12] D. Caputo, G. de Cesare, C. Fanelli, A. Nascetti, A. Ricelli, R. Scipinotti,Amorphous silicon photosensors for detection of Ochratoxin A in 
wine, IEEE Sensor Journal, 12 (8), (2012), pp. 2674-2679. 
[13] D. Caputo, G. De Cesare, M. Nardini, A. Nascetti, R. Scipinotti, Modeling of the photo- response of a smart thin layer chromatography 
system, Proceedings of the 4th IEEE International Workshop on Advances in Sensors and Interfaces, IWASI 2011, (2011), art. no. 6004719, 
pp. 208-211. 
